A method is described by which a fine-grid rotation function can be calculated efficiently. The importance of optimizing the calculation of this function is discussed and illustrated.
Introduction
The calculation of a rotation function is normally an early stage in Patterson methods of structural determination. Whichever way the calculation is set up, the aim of a rotation-function calculation is to provide an oriented model for use in later stages of structural analysis. These later stages can consist of, for example, translation-function calculations, direct methods using an oriented input model, structural expansion or direct extraction of structural information.
The problem
Given the wide use of rotation-function calculations, not only to provide orientational information for a fragment in a crystal structure Wilson, 1988) , but also increasingly in the provision of real structural information (Wilson, 1990) , an assessment of their reliability and, as importantly, their resolution seems appropriate.
This problem can be manifest in several ways: (i) in structural determination attempts, on occasion, a fragment can be trapped into a false minimum (Low, Tollin, Brand & Wilson, 1986) ; (ii) full three-dimensional rotation functions are time consuming and often contain several potential solutions -it is not always possible to examine these adequately; (iii) if further building onto an oriented fragment is to be undertaken, the most precise orientation possible is obviously desirable at each stage -errors can easily proliferate.
A typical rotation function
The rotation function used in one type of reciprocal-space Patterson method, that used in these calculations, is the 0.(01, 02, 03) function (Tollin & Cochran, 1964) : Typically, a step size of AO 1 = 2 ° is used in the onedimensional version of these calculations (Fig. 1) , but, in the case of the full three-dimensional function, this leads to a prohibitively large number of calculations (typically 1803). In the latter case, it is obviously expeditious to use a larger step size. However, from experience, it is evident that sometimes even a 2 ° step is inadequate to define properly the model orientation for later use. For this reason, a simple algorithm has been devised for optimizing the step size at various points in a rotation-function calculation and hence optimizing both the calculation and interpretation of the function.
Algorithm
The algorithm proposed is a rather straightforward version of an adaptive programming approach to the evaluation of the a(01,02, 0a) function. It is outlined below.
(i) Set up upper and lower AO steps for the calculation. These are normally chosen to be AOma,, ~-10 °, A0mi n -----1-2 °, as described below.
(ii) Optionally perform a full 01,02,03 scan on the coarsest resolution grid.
(iii) Scan in 01,02, 03 with a step size that begins at AOmax but changes according to the following scheme:
(a) If the gradient, 9, of the 0.(01, 02,03) function is positive, then AO is reduced. This is done most simply by setting AO,e,,, = max (AOold/2, A0min), which is found to be effective.
(b) If the gradient is negative then the step size is increased, in this case most simply by setting AO.e,,, = min (2A0old, AOmax).
(¢) If there is a change in sign of the gradient from positive to negative, a local maximum is considered to have occurred and a finer scan about the do/d0i = 0 region is performed. This scan is normally performed at a small step size of the order of A0mia/4, for optimal resolution, allowing the maximum to be more precisely defined. This region is then flagged as a potential solution.
(iv) On completion of the full scan, the potential solutions are ranked; in the case where two solutions have a similar value, further finer-resolution calculations can still be optionally undertaken in this region.
While these increment schemes are simple and, for example, take no account of the magnitude of the gradient in deciding on the next dO increment, they are found in practice to be effective. More elaborate schemes can easily be devised, of course, but these have been found to make little substantial extra improvement in the context of the overall calculations.
Interpretation
The results of the full scan, in addition to yielding the most accurate orientations of the model with respect to the data, should also give the best estimate of the true resolution of the rotation function with respect to the structure-factor data used in the calculations. This can yield useful information regarding the completeness of the data set used or, more precisely, the degree to which these are representative.
Implementation
To date, the optimized rotation-function calculation has been implemented in the simple one-dimensional rotationfunction calculation. Under these circumstances, the success of the algorithm can be tested by using small step sizes over very limited ranges in 02 and 03 close to the values used in the normal one-dimensional rotation-function calculation. The program OPROT has been implemented within the framework of the PATMET program . The results of the initial tests are summarized here.
(i) A saving in computation time is evident, typically around 40% compared with a fixed step, with better resolution around the points of interest -the likely solutions (see Fig. 2 ).
(ii) Not unexpectedly, there is no conflict in these calculations between a peak in the coarse-grid calculation and the location of the equivalent peak in the higher-resolution calculation. However, the coarsest scans can be seen to miss some minor secondary peaks in some cases that can sometimes, in fact, represent a true solution or correspond to the orientation of a more minor fragment in the structure and so are important.
(iii) The minimum AO step size required in such calculations is of the order of 1-2 ° in the examples studied, much as expected.
(iv) In the case of 3-methyixanthine (Low, Tollin, Brand & Wilson, 1986) , mentioned above as a case where the Patterson-method solution did not routinely refine to a full structural solution, the model obtained from the optimized rotation-function calculation did in fact refine routinely, evidence of a substantive advantage in using the present procedure.
Concluding remarks
The simple optimization procedure proposed for rotationfunction calculations appears to yield more efficient calculations but, more importantly, it gives more cross checks on the results of these calculations, a good estimate of their true angular resolution and, in difficult cases, a quantitatively more correct orientation. All of these aspects assume more importance when one considers the increasingly elaborate use being made of rotation-function calculations.
Introduction
Single-crystal absorption studies on protein crystals provide detailed electronic spectra on chromophores and on the equilibrium and kinetic constants of ligand binding and (Eaton & Hochstrasser, 1967; Rossi & Bernhard, 1970; Makinen & Eaton, 1973; Vas, Berni, Mozzarelli, Tegoni & Rossi, 1979; Mozzarelli et al., 1982; Mozzarelli, Peracchi, Rossi, Ahmed & Miles 1989; Mozzarelli, Rivetti, Rossi, Henry & Eaton, 1991; Kuo, Lipscomb & Makinen, 1986; Makinen, Hill, Zeppezauer, Little & Burdett, 1987; Makinen, Zelano & Troyer, 1987; Metzler et al., 1988; Rossi, Mozzarelli, Peracchi & Rivetti, 1992; Rivetti, Mozzarelli, Rossi, Henry & Eaton, 1993) . Commercial microspectrophotometers require the crystals to be specially mounted, restricting access to the sample for measurements from other directions. The large size of these devices and their extreme sensitivity to mechanical perturbations makes in situ spectrophotometric measurements in X-ray cameras difficult. The apparatus described below is small, portable and leaves the crystal accessible for a wide range of experiments including X-ray or neturon measurements. Fig. 1 shows the layout of the instrument. The light source (1, 2) can be chosen to match the spectral region of interest. In most of our studies, a portable deuterium lamp was used with a built-in fibre-optics connection (30 W lamp, model DTL200 from Guided Wave, 5190 Golden Foothill Parkway, El Dorado Hills, CA 95630, USA). Single-core sheathed quartz fibres (0.5 mm diameter, 2 m long, supplied by Guided Wave, catalogue no. C2-2B) are used throughout the apparatus to reduce artifacts caused by
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